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I. INTRODUCTION 

The purpose of t h i s  n o t e  i s  t o  summarize some of t h e  
prominent sou rces  of X-rays i n  a s p a c e c r a f t  environment which 
may cause  some i n t e r f e r e n c e  with s e n s i t i v e  X-ray astronomy 
experiments .  An a t t e m p t  i s  made t o  e s t a b l i s h  a r easonab le  
upper l i m i t  on t h e  X-ray astronomy experiment.  The a c t u a l  
sou rces  of t h e  X-ray r a d i a t i o n  from a manned s p a c e c r a f t  w i l l  
be d i scussed  i n  some d e t a i l  i n  t h e  fo l lowing  s e c t i o n s .  

11. X-RAY FLUXES FROM ASTRONOMICAL SOURCES - 
A. Solar Radia t ion  

F igu re  1 summarizes t h e  range of r e s u l t s  of s e v e r a l  
experiments  measuring t h e  s o l a r  X-ray f l u x  from 1 t o  1 0  4 keV. 
The f l u x  f a l l s  off  r a p i d l y  f o r  e n e r g i e s  >1 k e V .  
are  genera ted  p r i m a r i l y  by recombination of e l e c t r o n s  w i t h  
i o n s  i n  t h e  s u n ' s  corona.  
t h e  s o l a r  X-ray f l u x  i s  h ighly  dependent on t h e  f l a r e  a c t i v i t y .  
During a f l a r e  t h e  solar  X-ray emission u s u a l l y  i n c r e a s e s  
several orders of magnitude w i t h  the l a r g e s t  changes occur r ing  
i n  t h e  h igh  energy p o r t i o n  of t h e  spectrum. 

Such X-rays 

It i s  impor tan t  t o  remember t h a t  

Bal loons,  r o c k e t s  and sa te l l i t es  are  c u r r e n t l y  being 
used as  v e h i c l e s  f o r  t h e s e  measurement. Because even a s m a l l  
amount of t h e  atmosphere absorbs  e s s e n t i a l l y  a11 r a d i a t i o n  
below 20  k e V  down t o  o p t i c a l  wavelengths,  t h e  low energy X-ray 
experiments  a r e  performed from r o c k e t s  or s a t e l l i t e s .  The 
h i g h e r  energy gamma r a d i a t i o n  f l u x  (E>%l-00 keV) p e n e t r a t e s  t o  
lower a l t i t u d e s  a c c e s s i b l e  by ba l loons  which p rov ide  longe r  
o b s e r v a t i o n  t i m e s  t han  t h a t  a v a i l a b l e  from r o c k e t  f l i g h t s .  

B. D i f fuse  Background 

Measurements over  t h e  p a s t  s i x  y e a r s  have confirmed 
t h e  e x i s t e n c e  of X-radia t ion  which is  n e a r l y  i s o t r o p i c .  This 
r a d i a t i o n  i s  e s s e n t i a l l y  "noise"  which i s  superimposed over 
all l o c a l i z e d  X-ray sources .  F igu re  2 i n d i c a t e s  t h e  l e v e l  of 
t h e  i s o t r o p i c  background f l u x  and t h e  deg ree  of error i n  t h e  
f l u x  as observed from many experiments.  N o t e  t h a t  
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t h e  l e v e l  dec reases  from 1 0 0  to  loe4 photons/cm2 sec keV a s  
t h e  energy i n c r e a s e s  from 1 to  1 0 0 0  k e V .  

There are t w o  t h e o r i e s  on t h e  o r i g i n  of t h e  almost  
i s o t r o p i c  r a d i a t i o n  which a r e  most widely accepted.  One such 

theo ry  due t o  F e l t e n  and Morrison ( 2 )  i nvo lves  t h e  i n v e r s e  
Compton s c a t t e r i n g  of t h e  " 3 "  K" b lack  body photons r e s u l t i n g  
from a p o s t u l a t e d  "Big Bang" o r i g i n  of t h e  un ive r se .  I n  such 
a model these l o w  energy photons,  of i s o t r o p i c  d i s t r i b u t i o n ,  
g a i n  energy when s c a t t e r e d  by e n e r g e t i c  e l e c t r o n s  i n  i n t e r -  
ga lac t ic  space.  However, un less  one assumes t h a t  p r e s e n t  
e l e c t r o n  sources  are less than they were i n  t h e  p a s t ,  t h i s  
argument does n o t  g i v e  a value l a r g e  enough f o r  t h e  i s o t r o p i c  
f l u x .  

Another theory  which a l s o  has t h e  same q u a n t i t a t i v e  
f a i l i n g  i s  t h a t  of Friedman, Byram and C h u b b ( 3 ) .  
t u r e  t h a t  t h e  i s o t r o p i c  background i s  due t o  t h e  sum of t h e  
h e r e t o f o r e  unresolved X-ray sources  of e x t r a g a l a c t i c  o r i g i n .  
To o b t a i n  numerical  agreement w i t h  o b s e r v a t i o n s ,  Fr iedman e t  
a1 assume a l a r g e  number of p e c u l i a r  g a l a x i e s  having X-ray 
emiss ion  ra tes  much i n  excess of our  own. S i l k  ( 4 )  has r e c e n t l y  
sugges ted  a more p l a u s i b l e  argument. 
s t a g e s  of galaxy format ion ,  i n t e n s e  X-ray emission occur s .  The 
h igh  background then  would be p r i m a r i l y  due t o  t h e  c o n t r i b u t i o n  
f rom such " e a r l y  type"  g a l a x i e s .  

They conjec-  

H e  asserts t h a t  i n  e a r l y  

C.  Example of S t e l l a r  X-Ray Spectrum 

For completeness ,  an example of a sky scan  from a 

I t  is  seen  t h a t  the  f l u x  from s t r o n g  s t e l l a r  sou rces  
r o c k e t  experiment i s  given i n  F igu re  3 showing s e v e r a l  X-ray 
sources .  
i s  h i g h l y  d i r e c t i o n a l  and i s  many t i m e s  t h e  i s o t r o p i c  l e v e l .  

111. X-RAY ASTRONOMICAL MEASUREMENTS 

The r e l a t i v e l y  new f i e l d  o f  X-ray astronomy uses  many 
of t h e  w e l l  developed techniques f o r  d e t e c t i n g  as t ronomica l  
X-radiat ion.  F i l m ,  ga s  f i l l e d  p r o p o r t i o n a l  c o u n t e r s ,  and s c i n -  
t i l l a t i o n  c r y s t a l s  are  the  most popular  d e t e c t o r s .  
are  u s u a l l y  flown i n  sounding rockets o r  ba l loons .  Seve ra l  
X-ray experiments ,  p a r t i c u l a r l y  f o r  s o l a r  s t u d i e s ,  have been 
flown on unmanned s a t e l l i t e s .  

These systems 
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Figure  4 shows t h e  c o n f i g u r a t i o n  of  a t y p i c a l  X-ray 
astronomy system. A d e t e c t o r  which i s  s e n s i t i v e  p r i m a r i l y  t o  
charged p a r t i c l e s  (cosmic r ays )  sur rounds  t h e  a c t u a l  X-ray 
d e t e c t o r .  An an t i co inc idence  c i r c u i t  e l i m i n a t e s  t h o s e  coun t s  
r ece ived  i n  both  t h e  X-ray and p a r t i c l e  d e t e c t o r s .  

The X-ray d e t e c t o r s  themselves  are  g a s - f i l l e d ,  quenched 
p r o p o r t i o n a l  c o u n t e r s  fo r  t h e  r e g i o n  <40 keV and s c i n t i l l a t i o n  
c r y s t a l  t y p e s  above 40  keV. S o l i d  s t a t e  detectors wi th  much 
b e t t e r  energy r e s o l u t i o n  than  e i ther  p r o p o r t i o n a l  c o u n t e r s  or  
s c i n t i l l a t i o n  c r y s t a l  t y p e s  above 40 k e V  are  c u r r e n t l y  d i f f i c u l t  
t o  u s e  because of coo l ing  requirements  and s m a l l  s i z e ,  b u t  t h e i r  
i nc reased  u s e  i s  a n t i c i p a t e d  w i t h  improvement i n  t h e  s ta te  of 
t h e  a r t .  
c u r r e n t l y  planned f o r  t h e  s o l a r  ATM miss ion .  ( 5 )  Such systems 
are e x c e l l e n t  f o r  work where < 2 0  sec of a r c  r e s o l u t i o n  i s  
r e q u i r e d .  The s m a l l  e f f e c t i v e  a p e r t u r e  of such systems restricts 
t h e i r  u s e  t o  s t r o n g  sources  such as t h e  sun.  

X - r a y  film is used with g r a z i ~ g  inc idence t e l e s c o p e s  

I V .  X-RAY ASTRONOMY - SPACECRAFT INTERFACE PROBLEMS 

A. To le rab le  Levels  of X-Ray Flux - 
From t h e  above, it i s  c lear  t h a t  t h e r e  w i l l  always be 

a c e r t a i n  l e v e l  of X-ray r a d i a t i o n  impinging upon t h e  s p a c e c r a f t  
due t o  t h e  i s o t r o p i c  background. 
p r a c t i c a l )  t o  r e q u i r e  a t o t a l l y  q u i e s c e n t  environment for  X-ray 
astronomy experiments .  From F igure  3 it i s  apparent  t h a t  a n  upper 
l i m i t  small-er t h a n  the  i s o t r o p i c  background is  r e q u i r e d  f o r  
o b s e r v a t i o n s  of many sources .  T h i s  l i m i t  could be r e l axed  i f  
o n l y  ve ry  s t r o n g  sources  w e r e  t o  be observed,  and, i n  general ,  
would v a r y  depending on t h e  s t r e n g t h  of t h e  X-ray sources  under 
o b s e r v a t i o n .  Neve r the l e s s ,  t h i s  i s  a sma l l  f l u x ,  a.nd some e f f o r t  
w i l l  be r e q u i r e d  t o  prevent  exceeding t h i s  l e v e l .  

I t  i s  t h u s  no t  e s s e n t i a l  (or 

I t  should be pointed o u t  t h a t  c e r t a i n  t y p e s  of a n t i -  
co inc idence  c i r c u i t s  could reduce t h e  d e t r i m e n t a l  e f f e c t s  of some 
of t h e  s p a c e c r a f t  sources .  The i n t r o d u c t i o n  of such  systems,  
however, i n c r e a s e s  t h e  p o s s i b i l i t y  of  experiment f a i l u r e .  

I n  a d d i t i o n  t o  a gene ra l  f l u x  requirement  s e v e r a l  
o t h e r  p r e c a u t i o n s  must be observed. 

1. I f  t h e  l o c a l  source of r a d i a t i o n  i s  n o t  independent 
of t h e  o r i e n t a t i o n  of t h e  X-ray " t e l e s c o p e "  w i t h  r e s p e c t  t o  t h e  
s p a c e c r a f t ,  t h i s  may be confused w i t h  the i d e n t i f i c a t i o n  of a 
s te l la r  source .  D i r e c t i o n a l  c a l i b r a t i o n  of  t h e  background must 
be p o s s i b l e  and t h e  source  should be of l i m i t e d  s o l i d  a n g l e  and 
f l u x .  
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2 .  Any f l u x  of contaminat ing X-rays must be f ree  of  
" l i n e s "  superimposed over t h e  continuum spectrum, or i f  such 
l i n e s  must be p r e s e n t ,  t h e i r  c h a r a c t e r i s t i c s  must be s u f f i c -  
i e n t l y  w e l l  known so t h a t  they may be s u b t r a c t e d  o u t .  X-ray 
astronomers  are p a r t i c u l a r l y  i n t e r e s t e d  i n  observ ing  gamma 
r a d i a t i o n  l i n e s  a t  s p e c i f i e d  e n e r g i e s  which may be due t o  
r a d i o a c t i v e  decay through nuclear  e x c i t e d  s ta tes .  Such i n f o r -  
mation would be v a l u a b l e  i n  determining t h e  types  of nuc lea r  
r e a c t i o n s  o c c u r r i n g  p a r t i c u l a r l y  i n  supernovae. (6) 

3 .  T i m e  v a r i a t i o n s  i n  t h e  f l u x  must be minimized 
s i n c e  t h e s e  w i l l  lead t o  f a l s e  informat ion  concerning t h e  
t i m e  v a r i a t i o n  of as t ronomica l  sou rces  themselves.  

B.  On-Board X-Radiation Sources 

The v a r i o u s  "on-board" sou rces  of X-radiat ion are 
now cons idered .  While t h e  list i s  by no means complete,  t h e  
t o p i c s  d i scussed  should i n d i c a t e  most of t h e  a r e a s  which could  
g e n e r a t e  a s i z e a b l e  X-ray f lux .  

1. Bremsstrahlung 

The sudden d e c e l e r a t i o n  of f a s t  charged p a r t i c l e s  
i n  t h e  presence  of n u c l e i  r e s u l t s  i n  secondary r a d i a t i o n  by t h e  
moving charge  known as  bremsstrahlung.  Bremsstrahlung from 
charged p a r t i c l e s ,  p a r t i c u l a r l y  moderate energy e l e c t r o n s ,  i n t e r -  
a c t i n g  w i t h  t h e  s u r f a c e  of t h e  s p a c e c r a f t  and t h e  s h i e l d i n g  near  
t h e  X-ray d e t e c t o r s  r e p r e s e n t s  a p o s s i b l e  sou rce  of d i f f i c u l t y  
f o r  X-ray astronomy experiments.  ( W e  do  n o t  concern o u r s e l v e s  
h e r e  w i t h  t h e  d i r e c t  i n t e r a c t i o n  of t h e  charged pa r t i c l e - induced  
bremsstrahlung i n  t h e  d e t e c t o r  i t se l f  because t h i s  problem i s  
n o t  created by t h e  presence  of t h e  s p a c e c r a f t ;  nowever, it is  by 
no means i n s i g n i f i c a n t . )  The f l u x  of h igh  energy e l e c t r o n s  
(>1 BeV) of g a l a c t i c  o r i g i n  i s  so l o w  t h a t  bremsstrahlung from 
such e l e c t r o n s  would n o t  be a problem. 

I n  nea r -ea r th  o r b i t  one of the m o s t  severe problems 
i s  t h e  e l e c t r o n s  of moderate energy i n  t h e  South A t l a n t i c  
Anomaly (SAA). Because of t h e  l o c a l i z e d  n a t u r e  of t h e  SAA it 
would be p o s s i b l e  t o  t u r n  o f f  a l l  s e n s i t i v e  experiments  d u r i n g  
t h e  passage through t h e  SAA. A t  any ra te ,  i o n i z a t i o n  detectors 
and m o s t  unshie lded  X.-ray senso r s  would be s a t u r a t e d  from the 
d i r e c t  i n t e r a c t i o n  of t h e  charged p a r t i c l e s  i n  t h e  SAA and 
rendered  u s e l e s s  f o r  X-ray astronomy obse rva t ions  fo r  t h e s e  
o r b i t s .  Low o r b i t s  (<150 NM) can  m i s s  t h e  SAA almost completely.  
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2. On-Board Radioact ive Sources 

Seve ra l  t y p e s  of on-board r a d i o a c t i v e  sou rces  
have been proposed f o r  Apollo s p a c e c r a f t .  Pm 147 i s  t o  be 
used i n  t h e  form of luminous t a p e  or b u t t o n s  t o  make such 
i t e m s  as  s w i t c h  t i p s ,  docking r i n g s  and ha tch  handles  v i s i b l e .  
Pm 147 i s  a b e t a  and gamma emitter. Most of  t h e  beta r a d i a t i o n  
i s  absorbed i n  t h e  p l a s t i c  con ta ine r .  The gamma r a d i a t i o n  i s  
less than  1 2 0  k e V  and w i l l  be e a s i l y  absorbed by m a t e r i a l  i n  
t h e  s p a c e c r a f t .  Up t o  7 0  curies of Pm 147 have been proposed 
f o r  u s e  i n  t h e  f i r s t  Apollo mission on t h e  o u t s i d e  o f  t h e  

s p a c e c r a f t .  ( 7 )  A t  1 0 m  d i s t a n c e ,  t h i s  would amount t o  approx- 
hoton’ a t  1 0 0  k e V .  With no s h i e l d i n g ,  as seen ima te ly  10 2 5 c m  sec k e V  

from F igure  3 ,  t h i s  f l u x  would swamp o u t  m o s t  X-ray sources .  
H o w e v e r  1 c m  of l e a d  would reduce t h i s  by a t  least  1 0  orders 
of magnitude, w i th  l o w e r  energy r a d i a t i o n  (<lo0 keV) being 
absorbed even m o r e  e f f i c i e n t l y .  S u i t a b l e  s h i e l d i n g  of t h e  

d e t e c t o r  could t h u s  reduce  t h e  f l u x  from Pm147 many o r d e r s  of 
magnitude below t h e  i s o t r o p i c  background a t  a l l  e n e r g i e s  of 
i n t e r e s t .  While there i s  no appa ren t  problem w i t h  i n t e r f e r e n c e  
from such r a d i o a c t i v e  sources ,  a l l  necessary  t es t s  should be 
performed t o  make c e r t a i n  t h a t  t h e  s h i e l d i n g  i s  indeed e f f e c t i v e .  
Moreover, it would be h igh ly  advantageous n o t  t o  p l a c e  unneces- 
s a r i l y  l a r g e  amounts of r a d i o a c t i v e  luminescent  t a p e  on space- 
c r a f t  w i t h  X-ray astronomy experiments.  

3 .  Isotope-Dynamic Power S y s t e m  Radia t ion  

A p o t e n t i a l l y  s e v e r e  r a d i a t i o n  source  can be t h e  
gamma r a d i a t i o n  f r o m  a n  i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r .  The 
impur i ty  c o n t e n t  i n  such power systems d r a s t i c a l l y  changes t h e  
l e v e l  of gamma r a d i a t i o n .  For example, i n  a Pu 2 3 8  h e a t  source  
t h e  PU 236 impur i ty  c o n t r i b u t e s  g r e a t l y  t o  gamma r a d i a t i o n .  
Thus t h e r e  i s  hope for  lower r a d i a t i o n  levels w i t h  p u r i f i e d  
s u p p l i e s .  

F igu re  5 i n d i c a t e s  t h e  approximate a n t i c i p a t e d  

photon f l u x  a t  1 0  meters from an amount of Pu 238 capab le  of 25 
k i l o w a t t s  of t h e r m a l  power. (I2) 
i s  l i s t e d  i n  t h e  f i g u r e ) .  T h i s  source  i s  a c a n d i d a t e  f o r  
a n  isotope-dynamic power system f o r  manned s p a c e c r a f t  

(The d e t a i l e d  i s o t r o p i c  c o n t e n t  
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i n  Figure 5 i s  t h e  f l u x  f r o m  t h e  Pu 238 
power sou rce  which would pass  through 1 c m  and LO c m  of l ead .  
Note t h a t  w i th  1 c m  of l e a d ,  t h e  r a d i a t i o n  level from t h e  power 
sou rce  exceeds t h e  i s o t r o p i c  f l u x  a t  approximately 200 keV, and 
a t  800 keV it i s  % l o 3  t imes t h e  i s o t r o p i c  f l u x .  
l e a d  s h i e l d i n g  t h e  s i t u a t i o n  is  improved cons iderably .  The 
r a d i a t i o n  from t h e  Pu 238  source exceeds t h e  i s o t r o p i c  f l u x  
l e v e l  on ly  above 2 MeV, and t h e  l a r g e s t  excess  of  t h i s  l e v e l  
i s  by a f a c t o r  of Q3 a t  3 MeV.  

With 1 0  c m  of 

I t  appears  t h a t  w i t h  cons ide rab le  s h i e l d i n g  t h e  25 
k i l o w a t t  Pu238 i s o t o p i c  power sou rce  can  be made a c c e p t a b l e  
for l o w  energy ( i e  <1 MeV) gamma r a y  astronomy experiments .  I t  
i s  clear t h a t  w i thou t  t h i s  s h i e l d i n g  experiments  would be impos- 
sible t o  conduct i n  a s p a c e c r a f t  employing such an  i s o t o p i c  
power source .  

V . CONCLUSION 

I n  o r d e r  t o  a s s u r e  t h e  s u c c e s s f u l  o p e r a t i o n  of X-ray 
astronomy experiments ,  t h e  f l u x  of spacec ra f t -gene ra t ed  X-radi- 
a t i o n  should  n o t  exceed some s m a l l  f r a c t i o n  of t h e  i s o t r o p i c  
background f l u x .  Using t h i s  c r i t e r i o n ,  some of t h e  d i f f i c u l -  
t ies which may be p r e s e n t  w i t h  t h e  i n t e g r a t i o n  of X-ray a s t r o n -  
omy experiments  i n t o  a large s p a c e c r a f t  have been d i scussed .  
Rad ia t ion  sources  o t h e r  t han  nuc lea r  power systems may p r e s e n t  
some problems, b u t  appa ren t ly  they may be overcome. The radi- 
a t i o n  from n u c l e a r  power sources  wi thou t  ve ry  heavy s h i e l d i n g  
remains a se r ious  hazard to  X-ray astronomy experiments .  This  
problem should be s t u d i e d  i n  more d e t a i l  u s ing  t h e  f l u x e s  f r o m  
r a d i o i s o t o p i c  t h e r m o e l e c t r i c  g e n e r a t o r s .  
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GAMMA R A D l A T l O N  FLUX FROM 25 KW (THERMA1)OF PU238 

SHIELDING.  I M P U R I T Y  CONTENTS: 
O X I D E  A T  IO METERS AFTER 5 YEARS W I T H  NO 
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F I G U R E  5 - X-RADIATION FROM PU238 ( O X I D E )  I S O T O P I C  THERMAL SOURCE. 
ALSO INCLUDED ARE R A D I A T I O N  OF T H E  THERMAL SOURCE WHICH 
WOULD PASS THRWGH I AND IO CM OF LEAD, AND THE ISOTROPIC 
BACKGROUND RAD1 AT1 OH* 
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